Syndrome of inappropriate antidiuresis (SIAD) is a common paraneoplastic syndrome commonly associated with thoracic malignancies, gastrointestinal cancers and kidney tumors. It is defined as hyponatremia in euvolemic patients, often due to abnormal secretion of antidiuretic hormone by tumor cells. Tolvaptan, a vasopressin-2-receptor antagonist, is currently recommended for patients affected by SIAD with mild or moderate symptoms. Among patients with prostatic cancer, SIAD represents a rare condition but it is frequently associated with poorly differentiated adenocarcinoma or pure small-cell carcinoma histotype. We report a case of SIAD appeared at disease progression in a 60-year-old male patient with acinar adenocarcinoma with neuroendocrine differentiation together with a literature review.
INTRODUCTION
Prostate cancer is the most common non-cutaneous cancer in Western men, with estimated 1,600,000 cases annually [1] . The recent World Health Organization (WHO) 2016 classification of neuroendocrine (NE) tumors of prostatic adenocarcinoma (PAC) includes the following four categories: Adenocarcinoma with neuroendocrine differentiation, Well-differentiated NE tumor (carcinoid tumor), Small cell NE carcinoma and Large cell NE carcinoma. Gleason score and grade group are the standard approach to histologic grading of PAC, but not for the NE components, and it is an important independent prognostic factor [2, 3] . Clinical presentation and prognosis usually depend on local infiltration and metastatic spread. Paraneoplastic syndromes including syndrome of inappropriate antidiuresis (SIAD) are rare, mostly in poorly differentiated PAC, frequently with NE features [4] . SIAD is commonly associated with small cell lung cancer (SCLC), non-small cell lung cancer (NSCLC), gastrointestinal cancers, kidney cancers and mesothelioma [5] . In the last few years, several international and national guidelines have been published in order to improve clinical managing of this electrolyte disorder [6] . Oral tolvaptan, a vasopressin-2-receptor antagonist, has been approved by FDA and EMA for treatment of euvolemic hyponatremia due to SIAD with mild or moderate symptoms. Vaptans demonstrated to improve serum sodium concentration in patients with SIAD but there are still few data about their possible effect on survival of cancer patients [7] .
CASE REPORT
A 60-year-old male with PAC and abdominal lymph nodes and axial bone metastasis came to our Department. An informed consent to procedures and therapy was obtained from the patient. At first observation, the patient was in good clinical condition (Performance status according to Eastern Cooperative Oncology Group-ECOG-PS = 0) and he did not present significant comorbidities other than well-controlled arterial hypertension.
PAC diagnosis occurred in June 2014 when, after onset of urinary frequency and dysuria, patient underwent prostate biopsies. Histological examination reported prostatic acinar adenocarcinoma Gleason score 5 + 4 = 9 (grade group 5, with NE differentiation = 5%) [ Figure 1 ]. PSA was 22 ng/mL.
After diagnosis, a CT scan showed left iliac chain, para-aortic and inguinal bilateral lymphadenomegalies and osteoblastic metastasis to lumbar spin, multiple ribs and hip with no fracture risk. A bone scintigraphy confirmed bone involvement [ Figure 2] . Laboratory values did not show clinically significant abnormalities.
In August 2014 the patient started complete androgen deprivation therapy with oral Bicalutamide 50 mg daily along with intramuscular Leuprorelin 11.25 mg/mL quarterly. Denosumab 120 mg monthly was started to prevent skeletal events. Serum PSA showed initial complete biochemical response (0.3 ng/mL). In November 2014 PSA raised to 10 ng/mL. The patient presented with clinical worsening including increased urinary frequency and dysuria. Considering biochemical and clinical progression, Bicalutamide was stopped and first-line chemotherapy with Docetaxel 75 mg/m 2 intravenously every three weeks was started. The patient underwent five cycles of chemotherapy until May 2015, continuing Denosumab and Leuprorelin. PSA decreased to 8.2 ng/mL, with limited clinical benefit. After multidisciplinary evaluation, the patient was considered eligible for radiotherapy on the prostatic region. This treatment was performed between May 2015 and July 2015 (total dose: 5400 cGy).
After radiation therapy, PSA raised to 17.4 ng/mL and the patient was referred to our department for dorsal and abdominal pain. A total-body CT scan performed in August 2015 showed disease progression, including rectal thickening, multiple liver metastasis, peritoneal carcinosis and increase of abdominal and pelvic lymphadenomegalies. CT also showed disseminate osteoblastic metastasis [ Figure 3 ]. Patient was hospitalized at the Surgery Department in our hospital where he underwent colostomy to palliate bowel obstruction and third-segment liver lesion biopsy. The histological examination of the liver showed metastasis of small cell NE carcinoma (Mib1 = 90%) without prostatic features at immunohistochemistry [ Figure 4 and Table 1 ].
After that, the patient came back to our observation in September 2015 in fair conditions (ECOG-PS = 1), with partial pain control, constipation and mild mental confusion. At physical examination, no neurological impairment was reported.
Laboratory evaluation showed PSA = 26.7 ng/mL, NSE = 1238 ng/mL, chromogranin A = 454 ng/mL, rise of cholestasis values grade 1 according to Common Terminology Criteria for Adverse Events (CTCAE) v4.0 and first occurrence of moderate hyponatremia (125 mEq/L).
A B C D
After Endocrinological Consultant, we performed the following evaluations: glucose = 96 mg/dL, serum creatinine = 0.35 mg/dL, blood urea nitrogen = 9.8 mg/dL, plasma osmolality = 259 mOsm/kg, urinary osmolality = 322 mOsm/kg, urinary calcium = 2.4 mg/dL, urinary sodium = 115 mEq/L, urinary potassium = 5.3 mEq/L, TSH = 1.1 mcU/mL, ACTH = 14 pg/mL, plasmatic cortisol = 9.9 mcg/dL, venous bicarbonates = 25 mmol/L. Therefore, considering also euvolemic status and no concomitant use of diuretics, we diagnosed SIAD and started treatment with Tolvaptan 15 mg/die in October 2nd 2015 carefully monitoring plasmatic sodium every six hours. Sodium increase was < 10 mmol/die up to Na + = 133 mEq/L and the patient continued progressively to reduce Tolvaptan dosage till a maintenance dose of 3.75 mg/die, monitoring plasmatic sodium daily.
Considering last histological examination and the clinical benefit with vaptan, after evaluation, the patient started a second-line chemotherapy with Cisplatin 80 mg/m 2 i.v. day 1 and Etoposide 100 mg/m 2 i.v. days 1-3 every three weeks. After three cycles of chemotherapy, the patient experienced grade 3 anemia, grade 2 thrombocytopenia, grade 4 leucopenia and grade 4 neutropenia, requiring blood transfusion and administration of granulocyte growth factor and antibiotics. No other toxicities were reported. Patient underwent a fourth cycle with reduced doses. PSA value was stable, while NE tumor markers increased.
In December 2015, patient experienced bone disease progression at CT scan. A month later, he died due to liver failure.
DISCUSSION
Hyponatremia is defined as serum sodium concentration (Na + ) lower than 135 mmol/L [8, 9] and it is one of the most common electrolyte disorders occurring in cancer patients with an estimated incidence between 5% and 20% [10, 11] . The most frequent causes include SIAD, due in most cases to ectopic production of antidiuretic hormone, extracellular fluid depletion or renal toxicity of chemotherapy, especially platinum-based [5] .
The main diagnostic criteria for SIAD are: euvolemic status, reduced plasma osmolality < 275 mOsm/kg, increased urine osmolality > 100 mOsm/kg, increased urinary sodium > 30 mEq/L, normal kidney, thyroid and adrenal function. Additional diagnostic criteria are: no use of diuretics, reduced blood uric acid < 4 mg/dL, reduced blood urea nitrogen (BUN) < 10 mg/dL, increased sodium renal excretion fraction > 1% and increased urea excretion fraction > 55% [6] . Correct management of hyponatremia represents an important issue for cancer patients considering its well-demonstrated role in increasing mortality, costs and length of hospitalization [12] [13] [14] . Treatment depends on underlying causes of hyponatremia but also on severity and time of onset. In the context of SIAD, vaptans represent a relevant therapeutic option for mild-moderate reduction [15] . Literature review revealed that most PAC-associated SIAD cases are high grade and high stage adenocarcinoma. Actually, SIAD can be linked to neuroendocrine evolution at disease progression. Pure small-cell carcinoma of the prostate is extremely rare, accounting for < 0.5% of all cases [16] . About 50% of small cell carcinomas (SCC) have a history of usual PAC. Frequently, at initial diagnosis SCC are seen admixed with adenocarcinoma of the prostate [17] . In these cases, Gleason score is assigned only to the conventional adenocarcinoma component. According to the SEER database, the presence of concomitant high-grade PAC is an independent predictor of poorer cancer-specific mortality [18] . Recent data on in vitro and in vivo studies related to the molecular mechanism of NE transdifferentiation of PCa cells suggest that PCa cells undergo a transdifferentiation process to become NE-like cells, acquiring NE phenotype and NE markers. Common molecular alterations between PAC and SCC components of mixed prostate tumors under conditions of androgen deprivation sustain the hypothesis that small cell carcinoma represents a transdifferentiation from PAC [19] . The model of divergent-differentiation consider instead the hypothesis of a common stem cell progenitor that can differentiate into both adenocarcinoma and SCC. According to this model, hormonal therapy determinates a selective pressure resulting in development of SCC from a subpopulation of hormone-independent cells and consequently inducing hormonal resistance [20] . The more aggressive behavior compared with conventional PAC is due to expression of genes involved in cellular proliferation, mitosis, neuroendocrine differentiation, along with downregulation of genes encoding cell adhesion molecules [21] . This biological molecular phenotype is the reason behind the high proliferation rate, the rapid spreading and the great tendency to metastasize. Further preclinical results, deriving mostly from SCLC cell lines, seem to confirm the relation between hyponatremia, directly or through vasopressin receptors and cell proliferation, resistance to programmed cell death, angiogenesis and metastatization. Mitogen-activated protein kinase (MAPK) pathway is the main intracellular signalling which leads to tumoral growth and spreading [22, 23] . SIAD onset may guide physicians to perform a tumor biopsy in order to obtain a new morphological and immunohistochemical characterization [24] . Neuroendocrine prostatic cancer is generally managed by chemotherapy regimens similar to those for SCLC. Prognosis is poor with a median survival of 7 months.
It is still unclear how SIAD arises from prostatic carcinoma with neuroendocrine differentiation but it may involve an ectopic production of ADH from carcinoma cells, as detected immunohistochemically in the tumor tissue [25] .
In our case-report, SIAD appeared at progression of disease, with metastatic spread to the liver. In particular a dedifferentiation of cancer cells was reported, which lost prostatic markers to acquire fully neuroendocrine characteristics. Only focal neuroendocrine prostatic markers were reported in the primary prostatic cancer [ Figure 1 ], while liver metastasis presented neuroendocrine carcinoma [ Figure 4 ]. Our case supports the hypothesis that histological evolution to neuroendocrine features accompanies to metastatic spread and often with paraneoplastic syndrome as SIAD.
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